Objectives: To evaluate the effect of nutrition education on Chinese elite male young soccer players through the knowledge, attitude, behavior (KAP) survey and an adjusted dietary balance index (DBI). Methods: 30 Chinese elite male young soccer players were randomly divided into two groups: lecture group (N ¼ 15, Age: 16.7 ± 1.8 years, Height: 173.9 ± 9.0 cm; Weight: 62.4 ± 13.0 kg; Training years: 5.6 ± 2.7 years) and non-lecture group (N ¼ 15, Age: 16.8 ± 1.7 years, Height: 175.5 ± 7.9 cm; Weight: 62.5 ± 12.3 kg; Training years: 6.2 ± 3.3). The comics book was given to the non-lecture group, while the a four-week nutritional quality education along with comic books were given to the lecture group. Before and after 4 weeks nutritional education, dietary nutritional status of both groups was assessed. The main outcome measurements included the scores for each part of the KAP survey, diet status (food-weighing method) and the dietary index in the adjusted DBI-07 system (DBI-low bound score, LBS; DBI-high bound score, HBS; and DBI-diet quality distance, DQD). Results: In the lecture group, significant differences were found in the scores of general nutrition knowledge, sports nutrition knowledge and total scores of KAP dietary questionnaire after 4 weeks nutritional education (P < 0.01). However, there is no significant difference in dietary attitude and dietary behavior (P > 0.05) on both two groups. There is no significant change in the DBI-low bound score (LBS), DBI-high bound score (HBS) and DBI-diet quality distance (DQD) of dietary quality index (P > 0.05) in both two groups. Conclusions: Four weeks nutritional quality education improved the understanding of dietary nutrition among Chinese elite male young soccer players.
Introduction
Despite the primary important role of heredity and daily training, reasonable dietary structure and nutrition supplement are essential for improving physical performance as well as promoting the post-exercise recovery. 1, 2 Previous studies shown that consuming a diet rich in carbohydrates or carbohydrate mixtures before training increased muscle glycogen concentration, delayed muscle fatigue and improved exercise performance. 3 Soccer has a high demand for physical capability such as body movement velocity and endurance performance. To meet the demands for a tremendous quantity of physical movement and intense antagonism during the prolonged playing time, there is a large amount of requirement for energy consumption. Studies on dietary intake of soccer players have also found that carbohydrate supplementation increased the total distance of running, 4, 5 improved high intensity exercise ability. 6e10 However, challenging situations were still frequently found that the soccer players had daily energy intake lower than the energy consumption, and also with inadequate vitamin and mineral intake. 11e14 This makes it essential to improve the dietary status of the soccer players.
One of the biggest reasons for inappropriate diet attributes to the unconvincing nutrition knowledge from the internet or mass media. Nutritional education by the professional in nutrition area is the most direct and effective way to reserve this situation. Dietary evaluation plays a role as the primary step for this process. It provides fundamental information and direction for the future steps for the nutritional education as well as the following-up post-education evaluation. In most cases, 11,12, 15e17 the dietary condition is traditionally evaluated through the average intake of food and every single nutrient. It calculates parameters (including the daily energy intake, the ratio of heat-producing nutrient supply, calcium, iron, vitamin A, vitamin C, etc.) that reflect the dietary status. However, the daily dietary intake includes varied compounds that may interact with each other and then therefore affect the general absorption and bioavailability. 18 Consequently, the traditional way of dietary evaluation may be failed to take the dietary complexity into consideration. It was also challenging when assessing the relationship between a single food or nutrient and disease. To address this issue, researchers proposed a Healthy Eating Index (HEI) 19 that combines food categories with nutrients. Subsequently, several other parameters had been created such as alternative healthy eating index (AHEI), 20 Diet Quality Index (DQI), 21 Diet Quality Index-International (DQI-I), 22 etc. With reference to the methods of HEI and DQI, He Yuna et al. 23 recently established a Diet Balance Index (DBI) by using the food group as an indicator. Based on the recommended intake of the balanced diet, DBI is a dietary quality assessment tool that reveals the either inadequate or excessive food intake. Therefore, the purpose of this study is to utilize the adjusted DBI to evaluate the effect of nutrition education on the soccer players. It was hypothesized that, following the four-week nutritional education, the soccer players would have an improvement in their dietary status and dietary quality.
Methods

Study design
Institutional ethical approval was obtained before conducting the study (Ethical approval code: 2016e008). The investigators fully explained the nature of the study, the procedures, and the potential risks, etc. This study was carried out in the soccer team of SP Being Yicheng BTV Sangao, which is one of the top soccer teams in Beijing city. This study was designed as a randomized control study. The total observation time was four weeks. The flow chart of the study procedure as demonstrated in Fig. 1 .
Participants 30 young soccer players from SP Being Yicheng BTV Sangao were enrolled in the present study. The subjects were randomly divided into two groups: one group was given a comic book (nonlecture group), while the other was given a four-week nutritional education along with the comic book (lecture group). The basic information of the subjects is shown in Table 1 .
KAP questionnaire
KAP questionnaire was developed and adjusted by the professionals in sports nutrition area. The reliability and validity were also tested with some specific items in the questionnaire. The questionnaire included five parts: basic information, general nutrition knowledge, sports nutrition knowledge, dietary behavior, and dietary attitude. The total number of questions in the questionnaire was 49, and the total score was 100 points. Five questions (No.31e34,36) were used for reference and therefore not included in the calculation of the total score. The KAP questionnaire was distributed prior to nutrition education for baseline assessment. Four weeks later, the identical questionnaires were distributed for the post-intervention assessment. All the questionnaires were completed at the same location with the supervision of investigators. To avoid any misunderstanding to the questions, the investigators explained the content of the questionnaire thoroughly during the whole process of filling out the questionnaire. The participants were required to make response to the questions independently, and then return it directly to the investigator right after the investigation.
Dietary nutrition education
The comic books for both non-lecture and lecture groups were demonstrated as cartoon. The cartoon was an internal teaching material developed by the General Administration of Sports of China for the athletes' quality education. For the lecture group, a four-week dietary nutrition education intervention was conducted in addition to the cartoon. The frequency of nutrition education was once a week, with 30 min per time.
Dietary survey
By the application of the food weighting method, three days' dietary survey of young soccer players were conducted at SP Being Yicheng BTV Sangao, before and after the four weeks' nutritional education. Electronic scales with accuracy of ±0.1g were used to weigh the foods chosen by players. The leftover was also weighted for the precise calculation of the actual food intake in each meal. When marking records, the seasonings and cooking oil were in different dishes and then equally assigned to each dish after weighing. Snacks and beverages that consumed by the participants were also recorded. The intake of all kinds of food measured by weighing and recording was statistically analyzed by EXCEL2007 according to China Food Composition Table 2002 . The average data was obtained by weighing and dietary review method-and was considered as the daily dietary intake.
Adjustment and calculation of athletes' dietary balance index (DBI-07)
Considered the specificity of athletes, the energy of athletes was divided into three levels. The actual daily energy intake and the value range of DBI-07 was adjusted according to the Dietary nutrients and appropriate food intake for Chinese athletes and the actual energy intake of young soccer players. When the actual intake of each indicator reached the recommended intake, the value was determined as 0. Athletes were forbidden to drink in the daily training process while were advised to rehydration in time, so the alcohol index will be adjusted to beverage, and juice. After the adjustment, the recommended intake was 350e600g cereals, 1050e1100g vegetables and fruits, 500g milk, 50g beans, 100e365g livestock and poultry meat, 70e150g fish and shrimp aquatic products, 50e100 g eggs, 45e65 g cooking oil, 10g salt, 1000 ml beverage and juice. The adjusted DBI-07 scores were also calculated by DBI scores of healthy adults, including total score (TS), high bound scores (HBS), low bound scores (LBS) and diet quality distance (DQD).
Statistical analysis
The score of the KAP questionnaire and the intake of each main nutrient were presented as Mean ± SE and all the data were analyzed with Excel2007 and SPSS 21.0. Independent-sampled T test and paired-sampled T test were applied to determine the difference among KAP questionnaire scores and nutrient intake. The population distribution of TS, LBS, HBS, and DQD were determined differently by Mann-Whitney U rank and Wilcoxon rank. Significance level was set as P < 0.05.
Results
Reliability and validity test of the KAP questionnaire
The internal consistency reliability of the questionnaire was tested by calculating the alpha reliability coefficient through SPSS. The Cronbach alpha coefficient was 0.781.
The test-retest reliability of the questionnaire was tested by Pearson reliability coefficient method through SPSS. The Pearson coefficient was 0.757. Expert judgment method was used to assess the validity of the KAP questionnaire, and the review results shown in Table 5 . Ten experts (6 professors and 4 associate professors) were participated in the test for KAP questionnaire and the result suggested a good validity(See. Table 2 ).
Dietary quality before nutrition education
The total score, the high bound score, the low bound score and the diet quality distance was best at 0 or nearly 0. When the total score is negative, nutrition education is effective when the total score increases after nutrition education. When the total score is positive, the total score increases, nutrition education is effective. Nutrition education is effective when the high bound score, the low bound score and the diet distance decreases. Mann-Whitney U rank test shown that there was no significant difference in total score (Z ¼ À0.812, P ¼ 0.436), high bound score (Z ¼ 0.785, P ¼ 0.461), low bound score (Z ¼ À0.625, P ¼ 0.539) and diet quality distance (Z ¼ 0.021, P ¼ 1.000) between lecture group and non-lecture group before nutrition education.
Dietary questionnaire survey scores alternation following nutrition education
There were significant differences in general nutrition knowledge, sports nutrition knowledge scores and KAP dietary questionnaire scores in the lecture group before and after nutrition education, but there was no significant difference in nutritional attitudes and dietary behaviors. There was no significant change before and after nutrition education in the non-lecture group. There was no significant difference in the first week between the lecture group and the non-lecture group (Fig. 2) .
Changes in calorie intake ratio of three daily meals following nutrition education
Compared with the results of the first week of the subjects, the results showed that there were no significant changes in the calorie intake ratios of breakfast, lunch, dinner and snack between the lecture group and the non-lecture group. There was no significant difference in the first week between the lecture group and the nonlecture group (Table 3) .
Changes in daily nutrients intake following nutrition education
Paired-sampled T test indicated that, there was no significant Notes: the numbers in the table indicated the number of experts who made choices among the opinions ("reasonable", "almost reasonable", "general" and "unreasonable") towards each of the three dimensions ("effectiveness", "study design" and "content") of the validity assessment.
change in total calories and average daily intake of protein, fat, carbohydrate and total energy between the non-lecture group and the lecture group before and after nutrition education. There was no significant difference between the lecture group and the nonlecture group at the first week.
Compared to the first week, the average daily intake of vitamin A, vitamin C, calcium and zinc both increased after the nutrition education, however there was no significant difference between the two groups. There was no significant difference between the lecture group and the non-lecture group at the first week ( Table 4 ).
Change of dietary quality scores following nutrition education
After nutrition education, 46.67% of the young soccer players' total score increased, with an average rank of 8.14 and a rank sum of 57.00; 53.33% of the young soccer players' positive end score decreased by 5.94 and the rank sum was 47.50; 53.33% of the young soccer players' negative end score decreased, with an average rank of 7.56 and a rank sum of 60.50; 40% of the young soccer players' negative end score decreased. The dietary quality distance of junior soccer players decreased, with an average rank of 9 and a rank sum of 54. There was no significant difference in the total score (Z ¼ À0.18, P ¼ 0.86), the high bound score (Z ¼ À0.73, P ¼ 0.46), the low bound score (Z ¼ À0.52, P ¼ 0.60) and the diet quality distance (Z ¼ À0. 35 , P ¼ 0.73) of the young soccer players in the non-lecture group.
Wilcoxon rank test was used to compare the dietary quality index at the first week and the fourth week of the lecture group. The total score of dietary quality in this study is negative ( Table 5) . After nutrition education, 66.67% of the young soccer players' total score increased, with an average rank of 8.60 and a rank sum of 86.00; 60% of the young soccer players' positive end score decreased by 8.89 and the rank sum was 80.00; 66.67% of the young soccer players' negative end score decreased, with an average rank of 8.75 and a rank sum of 87.50; 46.67% of the young soccer players' negative end score decreased. The dietary quality distance of junior soccer players decreased, with an average rank of 7.07 and a rank sum of 49.50. There was no significant difference in the total score (Z ¼ À1.49, P ¼ 0.13), the high bound score (Z ¼ À1.18, P ¼ 0.24), the low bound score (Z ¼ À1.60, P ¼ 0.11) and the diet quality distance (Z ¼ À0. 19 , P ¼ 0.85) of the young soccer players in the lecture group.
Discussion
Nutritional education and KAP dietary questionnaire score in young soccer players
The lack of proper nutrition knowledge and ignoring the importance of dietary nutrition will lead to insufficient types of nutrients intake during exercise training. Consequently, this will predispose to the premature occurrence of exercise-induced fatigue and jeopardize the effect of post-exercise recovery. It was common to find in the previous studies 15e17 that athletes cannot accurately identify the effects of essential nutrients or the recommended energy ratio of macronutrients. The most firmly believed misconceptions among athletes is to consider the protein as the main source of energy for muscle contraction, while even an appropriate amount of carbohydrate intake can induce obesity. 15 The correct qualification rate of athletes' nutrition knowledge was 45.6%. Only 6% of participants obtained scores higher than 75 in the section of sports nutrition knowledge. Moreover, only 47.6% of participants believed that reasonable supplementation was essential for training. 17 After four weeks' nutrition education, the scores of general nutrition knowledge, sports nutrition knowledge and total scores of KAP dietary questionnaires in lecture group were significantly higher than that in the non-lecture group. However, the nutritional attitude and dietary behavior were not significantly improved.
This may be attributed to two factors. First and the foremost, is the lack of proper guidance in nutrition education for young athletes to change unhealthy eating behaviors. The goal of nutrition education can never be achieved by simply inputting the nutrition education rather than carrying out dietary behavior guidance. This education manner will lead to the separation of theory and practice. Moreover, the athletes may not necessarily comply with the dietary guidelines even though there is a good nutritional knowledge. 29 Secondly, it is the difficulty of changing dietary behaviors. The change of dietary behavior can be largely influenced by several objective factors such as economic conditions, dining environment and school food supply. Meanwhile, the change of dietary knowledge and attitude is the essential preliminary condition for the change of dietary behavior. Only with certain knowledge and good acceptance attitude, there is the possibility to achieve this change. Moreover, once the unhealthy dietary habits were formed, they cannot be changed within a short time. It is a long-term task for the transformation from accepting healthy dietary information to changing their unhealthy dietary habits.
Nutritional education and dietary intake in young soccer players
Soccer is a high-intensity intermittent exercise with a great demand on the physical fitness. 30 On top of this, it is of essential importance for the football athletes to undergo both appropriate training and nutritional strategies. 31, 32 However, it has been frequently reported that football athletes have an imbalance diet in carbohydrate, fat, and protein intake. 33e38 Moreover, there was also an insufficient intake of several vitamins (Vitamin C、E) and minerals (Calcium, Iron, Zinc).11e13 , 16 To improve those above situations, it is vital to address our attention on both nutritional education and dietary intake monitoring for the athletes.
Traditionally, studies on dietary nutrition of football players have been mainly based on the single nutrients or biochemical indicator evaluation. 39e41 This method is simple and focused, with the most necessary information provided during the survey. However, due to the reality of daily multiple supplementation intake, there is limitation for this method when determining the effect of nutrient intake on overall physical performance outcome, 42 as well as the interaction among the food compounds. 43 Moreover, it is also worthwhile to note that the not only the single nutrient intake but also the dietary pattern address impact on the general health outcome. 44e46 Indexes such as DQI is an integrative methodology that categorizes the type of food, assessing and calculating dietary behaviors, conditions, and attitudes. Neuhouser et al. 53 applied DQI to examine the relationship between nutrient biomarkers and overall dietary quality. Results showed that the plasma concentration of vitamin C, a-tocopherol and b-carotene were higher in participants with good dietary quality (DQI scores ¼ 6e7), while the ratio of stearic acid and benefic acid in plasma phosphatidic acid was lower. DQI is therefore considered to be a useful tool for measuring dietary patterns. Herein, we consider that DBI established in accordance with DQI is a novel effective tool for evaluating athletes' dietary quality and nutrition education. The DBI has already been validated in previous study in which shown that this method can be utilized in altering the dietary quality at varied periods, 47, 48 analyzing the relationship between dietary costs and dietary quality, 49 evaluating the differences in dietary quality between different populations and their influencing factors, 47, 50 as well as investigating the effects of nutritional interventions 51 on the dietary quality in specific populations. 52 After a four-week nutrition education for the young soccer players, there were increasing in terms of proportion of meals, vitamin A, vitamin C, calcium, iron and zinc intake. On top of those above change, it is also encouraging to find there were decreasing in the proportion of snacks and a descending trend of fat intake. In addition, the scores of DBI (such as total score, high score, low score and dietary quality index) also tend to decrease, there is no significant difference. This result aligned with previous stud-ies24e26 ,54,55 in showing an increase in nutrition knowledge and more positive attitudes regarding the importance of nutrition knowledge without any change in the dietary intake. However, some studies 27,28 still found that there was a weak positive correlation between nutritional knowledge and healthy dietary intake. The nutrition education, to some extent, can improve the athletes' knowledge and understanding for the dietary nutrition. However, it should be aware that the alternation of the knowledge may not necessarily induce a rapid change in the subsequent practices. Besides, coaches also play an essential role during the knowledge transmission. When coaches are misinformed about nutrition, athletes may receive inappropriate instructions in utilizing the newly gained knowledges and therefore may not be able to put those knowledges into practice. 56 In addition, the limited food resources in the restaurant is also one of the major concerns during the alternation of eating behavior. In the observation site of the present study, there was only a small portion of food with high quality proteins such as soybeans and soy products, fruits and fish and shrimps. For the domestic young players, they spend most of their training and dinning time in this observation site. The inadequate dietary supply in those restaurants also leads to the inability to diversify the diet choices.
Future directions for the nutritional education in the young soccer players
Notwithstanding the challenges to transform the current settings, it is crucial in our future work to rationally optimize the diet structure of young players, improve the education methods and extend the education time to promote the practicality of nutrition knowledge education. Meanwhile, it is also essential to conduct follow-up education to strengthen the nutrition knowledge education for players as well as the service personnel in the base restaurants, and thus, ensure the rationality and diversity of dietary supplies. Future study is also warranted to examine the relationship between food diversity scores and adequate nutrient intake, as well as determining the relationship between nutrient biomarkers and overall dietary quality.
Conclusions
The four-weeks of nutrition education in the present study improves the understanding of young soccer players on dietary nutrition knowledge.
